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Abstract. The use of anthropometric measurements, to understand an individ-
ual’s body shape and size, is an increasingly common approach in health assess-
ment, product design, and biomechanical analysis.  Non-contact, three-dimen-
sional (3D) scanning, which can obtain individual human models , has been 
widely used as a tool for automatic anthropometric measurement. Recently, 
Alldieck et al. (2018) developed a video-based 3D modelling technique, enabling 
the generation of individualised human models for virtual reality purposes. As 
the technique is based on standard video images, hardware requirements are min-
imal, increasing the flexibility of the technique’s  applications. The aim of this 
study was to develop an automated method for acquiring anthropometric meas-
urements from models generated using a video-based 3D modelling technique 
and to determine the accuracy of the developed method. Each participant’s an-
thropometry was measured manually by accredited operators as the reference val-
ues. Sequential images for each participant were captured and used as input data 
to generate personal 3D models, using the video-based 3D modelling technique. 
Bespoke scripts were developed to obtain corresponding anthropometric data 
from generated 3D models. When comparing manual measurements and those 
extracted using the developed method, the accuracy of the developed method was 
shown to be a potential alternative approach of anthropometry using existing 
commercial solutions. However, further development, aimed at improving mod-
elling accuracy and processing speed, is still warranted. 
Keywords: Anthropometry, 3D Modelling, Accuracy. 
1 Introduction  
The use of anthropometric measurements, to understand an individual’s body shape 
and size, is an increasingly common approach in health assessment, product design, and 
biomechanical analysis. For instance, Streng et al. (2018) indicated that female heart 
failure patients with high waist-hip ratio have a high risk of mortality. Verwulgen et al. 
(2018) introduce a new workflow to use 3D anthropometry to design close-fit products 
for users. Pandis and Bull (2017) and Smith and Bull (2018) used low-cost 3D scanning 
to acquired body segment parameter for biomechanical analysis.  
 
Manual anthropometric techniques are a traditional and widely used approach as the 
equipment is easy to access and calibrate (Hume et al. 2018). However, technical 
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expertise is required to ensure the accuracy of measurement (Perini et al. 2005). Sebo 
et al. (2017) indicated that waist girth measurements collected by untrained general 
practitioners could have errors of more than 2 cm. Furthermore, this approach cannot 
obtain more complex anthropometric measurements, such as body volume, surface 
area, or body segment parameters directly.  
 
Three-dimensional (3D) scanning systems use specific sensors, such as depth-cam-
eras and stereo-cameras, to obtain individual human models. Simple and complex an-
thropometric data can be extracted virtually from the resulting scanning output (i.e. the 
individual 3D human models). Ma et al. (2011a) and Ma et al. (2011b) used this tech-
nique to obtain individual body segment inertia parameters and developed mathemati-
cal models to estimate the body segment inertia parameters from body mass and stature. 
Recently, advanced computer vision techniques such as 3D correspondence approaches 
(Groueix et al. 2018; Zuffi and Black 2015) have been developed enabling anatomical 
landmarks to be identified without manual palpation or placing any markers on the par-
ticipants. Furthermore, some cost-effect 3D scanning systems, such as KX-16, 
Proscanner and Styku scanners have been developed for non-contact anthropometric 
measurement. Consequently, these non-contact 3D scanning techniques have been 
widely used as a tool to carry out anthropometric procedures. 
 
All of these 3D scanning systems generally require specific hardware (scanning 
booth, depth camera and turntable). Therefore, users typically go to specialist facilities 
to complete 3D scanning for anthropometric assessments, which in turn reduces the 
accessibility of 3D scanning based anthropometry. A mobile 3D scanning solution 
which, could be used in flexible environments (i.e. minimal specialist equipment or 
facilities), would enhance the application of 3D scanning based anthropometry, partic-
ularly in health and biomechanical assessment. For instance, using a mobile 3D scan-
ning system in their own home, patients could complete comprehensive anthropometric 
assessments to independently monitor health conditions such as obesity, without need-
ing to travel to specialist facilities. Further, biomechanists could use mobile 3D scan-
ning solutions to model the body segment inertia parameters of athletes in the field and 
in sports facilities, rather than requiring athletes to travel to expensive and complex 
laboratories. Such a technological advancement would help both users and practitioners 
to save time and cost, when conducting anthropometric assessments. 
 
Recently, Alldieck et al. (2018) developed a video-based 3D modelling technique, 
enabling the generation of individualised human models for virtual reality purposes. As 
the technique is based on standard video images, hardware requirements (e.g. depth 
camera, turntable, etc.) are minimal, increasing the flexibility and range of the tech-
nique’s applications. However, whilst good levels of accuracy for point-to-point dis-
tances have been demonstrated (Alldieck et al. 2018), the accuracy of anthropometric 
measurements derived using this technique must be examined before its use in anthro-
pometric applications. Furthermore, there is no software developed to obtain body 
measurements from the 3D models built from this video-based 3D modelling technique. 
Thus, the aim of this study was to develop an automated method to acquire 
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anthropometric measurements from the models generated using this video-based 3D 
modelling technique and determine the accuracy of the developed method. 
2 Method 
2.1 Participants 
The study was approved by the ethics committee at Sheffield Hallam University. 
Five male and six female healthy participants were recruited (stature: 1.71 ± 0.09 m; 
mass: 77.2 ± 13.8 kg) in this study. All participants gave written consent before partic-
ipating. They were requested to wear close-fitting clothing during the all test proce-
dures.  
2.2 Manual anthropometric measurement 
Traditional anthropometric data, including stature, mass, waist and hip girths were 
measured manually by accredited operators according to the International Society for 
the Advancement of Kinanthropometry (ISAK) protocols (Stewart et al. 2011). Under-
standing the accuracy of waist and hip girths obtained from the developed method was 
considered as the initial stage to determine the potential for further a nthropometric 
measurement. Thus, ISAK manual measurements of waist and hip girths were regarded 
as the reference values to evaluate the accuracy of the developed methods in this study. 
 
 
Fig. 1. A bespoke system with a moving camera was used to  capture images in this study. 
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2.3 Anthropometric measurement with 3D modelling techniques 
The technique developed by Alldieck et al. (2018) enables 3D human modelling with 
moving participants. However, the movement artefacts resulting from participant 
breathing and the self-rotation data acquisition procedure might increase the amount of 
error of human modelling. To determine the optimal accuracy of the developed tech-
nique, a bespoke capturing system with a moving camera (Chiu et al. 2019) was used 
to minimize the effect of human movement and breathing during image capture. Oper-
ating the bespoke capturing system involves an operator rotating a single camera around 
a stationary participant whilst image data is acquired in approximately 10 seconds as 
shown in Fig. 1. Participants were requested to stand still and hold their breath at end-
tidal volume during image capture.  
 
The technique developed by Alldieck et al. (2018) can use a general camera to obtain 
image data and applied a convolutional neural network-based (CNN-based) program to 
extract silhouette and joint data for generating individual 3D models. Nevertheless, the 
public CNN-based models such as Deeplabv3+ (Chen et al. 2018) cannot discriminate 
between participants and other humans which may be present in the background within 
the captured images as they were not developed for the specific cases in this study. 
Thus, a Microsoft Kinect V2 was used as the capturing device to enable accurate sil-
houettes of participants to be generated for determining the accuracy of the developed 
method. All tasks were completed without training a new CNN-based model.  
 
    
(a) (b) (c) (d) 
 
Fig. 2. Images captured from Kinect V2 and the post-processed results. (a) a depth image cap-
tured from a Microsoft Kinect V2, (b) a silhouette image extracted by applying distance threshold 
and random sample consensus algorithms, (c) an image captured by the infrared camera of a 
Microsoft Kinect V2, and (d) joint data extracted by applying OpenPose algorithms. 
The depth images captured by the Microsoft Kinect V2 were processed with distance 
threshold and random sample consensus algorithms (Derpanis 2010) to remove back-
ground pixels (e.g. floor, wall) for extracting silhouette images as shown in Fig. 2 (a) 
and (b). The OpenPose algorithms1  (Wei et al. 2016) were applied to the images 
 
1  The algorithms was applied by referring the code provided from https://github.com/il-
doonet/tf-pose-estimation 
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captured by the infrared camera of a  Microsoft Kinect V2 to extract the joint position 
data as shown in Fig. 2 (c) and (d). The data of silhouette images and joint positions 
and the manual measurements of statures were then used as the input of the video-based 
3D modelling technique developed by Alldieck et al. (2018) to generate individual 
models as shown in Fig. 3 (a). While applying the 3D modelling technique developed 
by Alldieck et al. (2018), the weights (parameter values) in the source code2 provided 





Fig. 3. (a) An individual 3D model generated from the technique developed by Alldieck et al. 
(2018) and (b) the measuring region was detected by the bespoke scripts automatically while 
measuring anthropometric data from a generated 3D model.  
Bespoke scripts were developed to identify the region for measuring both the waist 
and hip girths from the generated individual models, as shown in Fig. 3 (b). The scripts 
obtained 2D cross-section profiles along the length of the body scan and calculated the 
circumference of each 2D cross-section to determine the waist and hip girth of the gen-
erated 3D models, according to similar ISAK manual measurement protocols (Stewart 
et al. 2011). In other words, the waist girth was measured on the level with the narrow-
est circumference on the torso and the hip girth was measured on the level with the 
most posterior prominence.  
2.4 Statistical analysis 
The accuracy of anthropometric measurements obtained using the developed method 
was quantified according to the root mean square error (RMSE) and relative inter-
method technical error of measurement (relative inter-method TEM or %TEM) com-
pared to the reference waist and hip girths obtained using manual measurement as 
shown in Equation (1) and (2). 
 
 
2  https://github.com/thmoa/videoavatars 
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× 100% (2) 
where 𝑛 is the number of participants, 𝑚 𝑖 represents the ISAK manual measurement 
obtained from the 𝑖-th participant, and 𝑑𝑖 represents the measurement obtained from 
the 𝑖-th participant using the developed method in this study. 
3 Results 
Table 1 shows the results of this study. When comparing manually measured and 
video-based 3D modelled anthropometric data, the RMSEs for waist and hip girths 
were both around 5 cm. The relative inter-method TEMs were larger than 3.5%. For 
male participants, the accuracy of waist girths was worse than the one of hip girths. By 
contrast, for female participants, the accuracy of waist girths was better than the ones 
of hip girths. 
 
Table 1. The accuracy of the developed method in this study. 
 All participants Male participants Female participants 
Measurement RMSE %TEM RMSE %TEM RMSE %TEM 
Waist girth 5.3 cm 4.49% 6.2 cm 4.84% 4.4 cm 4.01% 
Hip girth 5.7 cm 3.98% 5.1 cm 3.46% 6.1 cm 4.41% 
 
4 Discussions 
The aim of this study was to develop an automated method to acquire anthropometric 
measurements from individual models generated using a video-based 3D modelling 
technique (Alldieck et al. 2018) and determine the accuracy of the developed method. 
 
The RMSEs of waist girth measures obtained using the developed method were sim-
ilar to those acquired from existing commercial solutions, such as Proscanner and Styku 
scanners (Bourgeois et al. 2017) as shown in Table 2. The results show that the devel-
oped method, which applies the video-based 3D modelling technique (Alldieck et al. 
2018) is a potential alternative approach of performing anthropometric measurement 
using existing commercial solutions. However, the accuracy of hip girths obtained us-
ing the developed method was worse than those acquired using existing commercial 
solutions (Bourgeois et al. 2017) as shown in Table 2. The pose of the model generated 
from the video-based techniques (standing with feet apart) could lead to increased error 
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of hip girth measurement, which should be performed with feet together according to 
ISAK protocols (Stewart et al. 2011). Thus, further development should consider cor-
recting the pose effect to obtain more accurate hip girth measurements. A complete 
anthropometric validation test should be also conducted to understand which measure-
ments can be obtained using the developed method accurately. The relative inter-
method TEM of both measurements (> 3.5%) exceeded the acceptable range for some 
anthropometric applications (ISAK Level 1: 1.5% and Leve 2: 1.0%). Furthermore, the 
bespoke capturing system was used in this study to minimize the movement artefacts 
caused by breathing and self-rotation of the participant during the scanning procedure. 
The accuracy of extracted measurements could be decreased when applying the devel-
oped method with self-rotating participants. Thus, further development is required to 
improve the accuracy of the developed method before applying this technique in appli-
cations which require accurate anthropometric measurements to be extracted from im-
age data where the participant is moving, such as at-home health assessment and bio-
mechanical analysis.  
 
Table 2. Comparison accuracy (RMSE) of the developed method and the existing commercial 
solutions (Bourgeois et al. 2017). 
Measurement Developed method Proscanner  
(Bourgeois et al. 2017) 
Styku  
(Bourgeois et al. 2017) 
Waist girth 5.3 cm 5.8 cm 6.3 cm 
Hip girth 5.7 cm 4.6 cm 2.6 cm 
 
 
 The results of this study showed that the accuracy of male and female participants 
was different. Although male and female template models were used in the technique 
developed by Alldieck et al. (2018), the modelling algorithms to generate individual 
3D human models seem the same. Further development might be required to use gen-
der-specific penalty functions in the optimization processes while generating individual 
models for the application that needs accurate anthropometric data. 
 
The use of video cameras represents a unique and flexible opportunity for estimating 
human morphometrics. However, the typical processing time (Azure virtual machine 
F1s) for generating one individual model exceeded two hours. The long processing time 
of the developed method might limit the potential application of this technique for gen-
eral purpose or research studies. Alldieck et al. (2019) have presented a novel approach 
which applied machine learning to reduce the processing time from two hours to 10 
seconds. Therefore, further development should consider applying machine learning 
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